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TABLE OF SYMBOLS 



0 g^ - Average axial strain in soecinisri obtained from 

strain paupes, micro inches/inch. 

6q - Average circumferential strain in soecimen ob- 
tained from strain gauges, micro Inches/inch, 

®max “ Average maximum strain in the specimen obtained 
from strain gauges, micro inches/inches, 

®mln *■ Average minimum strain in the specimen obtained 
from strain gauges, micro Inches/inch, 

e - Lateral strain in the calibration bar, - vE - 
micro inches/inch, 

Ea - Average axial strain in specimen obtained from 
' strain gauges and corrected for lateral sensi- 
tivity, micro inches/inch, 

Eq - Average circumferential strain in specimen ob- 
tained from strain gauges and corrected for 
lateral sensitivity, micro Inches/Inch, 

Ejjjax ” Average maximum strain in specimen corrected for 
lateral sensitivity, micro Inches/Inch, 

Sjnin ” Average minimum strain in specimen corrected for 
lateral sensitivity, micro inches/inch, 

E - Average longitudinal strain determined from sev- 
eral calibration bars, micro inches/inch, 

Ejj, - Young’s Modulus, 

t - Time of loading specimen, seconds, 

T(i - Temperature of coating surface during test, deg, F, 

S/^ - Number of particular grade of Stresscoat used, 

D - Deviation or E - Ejnaxi micro Inches/inch, 

- Percent deviation or ( 100 ) (E - Sjuax)/ ^^max)» 

- Percent stress deviation, ( S^ar “ Smax) (100)/Smax« 
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Smax 

Smin 

Sbar 

V 

Vo 

k 



- Maximum stress in the specimen, psl. 

- Minimum stress in the specimen, psl, 

- Stress indicated by calibration bar, psl. 

- Polssch's ratio,. 

- Poisson's ratio of steel on which strain gauges 
were calibrated, .285* 

- A ccnstant with value of ,021 for type A-3 strain 
gau'res. 
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Results 

It was found tha* more strain was required to produce 
a crack pattern under tensile load than was indicated by 
the calibration bar. The opposite effect was observed 
when the specimen was subjected to Internal pressure. The 
presence of crazlncr decreased the sensitivity of Stresscoat, 
The presence of a strain crack pattern in one direction has 

V 

a yet unexolained effect on the sensitivity of Stresscoat 
to failure in a perpendicular direction. 

Object 

Tho purpose of this Investigation was to exoand the 
limited knowledge of the behavior of Stresscoat when sub- 
jected to a biaxial stress condition different from that 
stress condition existing in the calibration bar and to cor- 
relate the information obtained in such a manner that more 
orecise quantitative determinations are possible, For the 
benefit of future experimenters in this field an attempt 
was made to analyze any peculiarities in the behavior of the 
Stresscoat which were observed. 

Proced u re 

The actual strain on the surface of a hollow cylindri- 
cal test soeclmen was determined v/lth strain gauges when 
the surface of the vessel was subjected to different combin- 
ations of two-dimensional strain. These combinations of 
strain v/ere produced by apply Inc^ axial loadinp" and internal 
pressure to the specimen. The strains causin«? a crack 
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pattern in the Strese-oat applied to the test specimen in 
the vicinity of the strain gauges were compared with the 
strains indicated by the calibration bars. 

Conclusion 

The deviation between actual strain and the strain 
indicated by the Stresscoat may vary from zero to thirty 
percent depending upon the ratio of ralnimuni strain to the 
maximum strain in the specimen, V.hen strain, indicated by 
Stresscoat, is used to calculate stress the deviation be- 
tween actual stress and calculated stress is reduced to a 
maximum value of approximately fifteen percent. 
Recommendations 

Further investigation of the behavior of Stresscoat 
should be conducted under controlled atmospheric conditions. 
Apparatus should be designed by which axial load and inter- 
nal pressure may be applied uniformly and simultaneously to 
the specimen, to facilitate handling the creep characteristic 
of Stresscoat at all values of , Evaluation of 

Poisson’s ratio and the modulus of elasticity of Stresscoat, 
combined with the values of strain for various values of 
Sjjjin/Snjax allow the determination of the tneory of 

failure of Stresscoat, 
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StresccDal lo the latest widely known develoo.T.ent In 
the field of brittle coatiurs uaod for streec-strain analy- 
elQ of the comnonent parts o structures, 'hon a base mat- 
erial Is subjected to a progressively increasing stress, 
the distortion in the base material will eventually cause 
any brittle coatln? adhering" to its surface to fail by 

cracking. In moat coats these cracks occur in a direction 
\ 

perpendicular to the direction of the principal stress. If 
the base material is subjected to such large stresses that 
its yield oolnt is exceeded and very large amounts of dis- 
tortion occur, the brittle coating will flake or spewl off. 
One of the early observed instances of this o.^enornsnon was 
the cracking or flaklno' off of mill scale on structural 
members under load. The places in the structure wnero this 
breakdown of scale first occurred were ooints of v/sakness 
or stress concentration, Tarly invest! gal oi’s also noticed 
that the presence of a coat of white-war.h on structural 
members increased the ease with which a failure in the mill 
scale could be observed. Cracking and spawllng of bitumaa- 
tlc enamel used on shipboard was another eai ly example of 
this phenomenon. Attempts to utilize tnese observations for 
quantitative measurements were unsuccessful. 

The search for a brittle coating which would be capable 
of dependable quantitative, as well -hs qualitative, interpre- 
tation continued in the United States and other countries 
(principally Great Britain and ^-ermany), slany substances 
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such as suprar, sulphur, plaster of Paris, and various resins 
were tried. The late Professor A, V. DeForest of fiCssachu- 
setts Institute of Technology did considerable prelinlnary 
v/ork v/hich contributed to the final development of the pre- 
sent day Stresscoat. He tried various methods of coating 
application as well as types of material for the coating 
itself. The methods of application Investigated were; 

a. Covering the surface with powdered material which 
was subsequently heated until it melted to form 

a continuous coat, 

b. Brushing, dipping, or spraying the molten coating 
on the base material. 

c. Brushing, dipping, or spraying the coating, dis- 
solved in a solvent which evaporates as the coating 
assumes its brittle condition, 

Mr. Greer Fills (8) in 1937 determined the composition 
of a brittle lacquer having those characteristics which made 
it ideal for qualitative and quantitative strain indicating. 
The desirable characterlsts are; 

a. Ability to fall by cracking due to strains within 
the elastic range of most engineering materials, 

b. Crack sensitivity fairly Independent of coat 
thickness. 

c. Ability to dry to brittleness, v;lthin a reason- 
able length of time and at normal temperatures. 

d. Appearance of cracks should be easily discern- 
ible. 
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This brittle lacquer is currently known, comuier daily, as 
Stresscoat, It ia manufactured and distributed by the 
Magnaflux Corporation, It is excellent for qualitative ex- 
perimentation and the manufacturer claims that quantitative 
results obtained from testa conducted under controlled load- 
ing and atmospheric conditions are accurate within about 10^. 

A calibration bar is employed to interpret the results 
obtained when using Stresscoat, The bar is secured at one 
end only in a jig so that it approximates a cantilever beam. 
The specimen under investigation and tne calibration bar are 
sprayed and dried under identical conditions. After drying, 
the specimen is stressed and the free end of the calibration 
bar ia depressed a known amount in the jig. This produces 
a known stress and strain in the bar varying from zero at 
the free end to a maximum value at the fixed end. Cracks 
appear in the Stresscoat over that portion of the bar in 
which the strain exceeds the value which will cause failure 
in the particular coating involved. Current practice is to 
assume that the strain under the last crack toward the free 
end of the bar is the same strain which exists under the 
first crack to appear in the Stresscoat on the specimen. 

The validity of this assumption is open to question because 
the calibration bar is subjected to uniaxial stress with a 
constant ratio between the orinclpal strains produced; while 
a material under investigation may be subjected to any of an 
unlimited number of biaxial stress conditions, each causing 
a particular combination of two or three dimensional strains. 
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Only a limited amount of work Investigating the behav- 
ior of Stresscoa* under biaxial stress has been done and 
very little has been published, Eric Olsen (11) In 19^1 
Investigated the accuracy of quantitative Stresscoat deter- 
minations when the specimen was subjected to a two-dimensional 
strain condition different from that exist inpr in the cali- 
bration bar for a few specific two-dimensional strain con- 
ditions, It Is the aim of this report to further develop 
the investigation in this field by conducting enough con- 
secutive tests In each of a few particular conditions of two- 
dimensional strain so that some knowledge of the magnitude 
of the deviation between the calibration bar Indicated 
strain and the actual strain in the specimen may bo learned. 
During the course of the exoerlments various peculiar- 
ities of the general behavior of Stresscoat were observed. 
Although this information was secondary to tne ori<rinal 
purpose of the Investijyatlon It has been recorded and dis- 
cussed because it was felt that It may be of value to those 
who will continue with further v;ork In this field. 
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PROCEDURE 



The first step in the investigation was to select a 
test specimen in v/hich at least two different conditions 
of biaxial stress could be set up. The specimen used v/as 
a thin walled tube of low carbon steel which was made into 
a pressure vessel by welding forged plugs into each end. 

The outboard ends of these plugs were machined to fit a 
self centering attachment on the tensile testing machine 
used. The end plugs were drilled and tapped to receive 
high pressure copper tube and fittings for applying the 
Internal oressure to the test soecimen. Four SR-4 electric 
strain gauges were affixed at equal intervals around the out- 
side of the tube far enough from the ends to eliminate end 
effects. Two of these strain gauges were circumferential 
and two were axial. The gauges in the same direction were 
placed on opposite sides of the soecimen. The dimensions 
and composition of the specimen were chosen to give strains 
applicable to Stresacoat investigation, within the elastic 
limits of the material and the caoacity of the loading 
devices. 

The second step was the mastery of Stresscoat and 
strain gauge technique. About six weeks were consumed before 
it was felt that enough proficiency had been gained in ap- 
plying Stresscoat, controlling conditions during the drying 
and testing, and observing the first cracks to produce re- 
liable data. During the early part of this educational 
period, an attempt was made to learn by experience, but the 
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detailed instructions published by the manufacturer (16) 
were carefully studied prior to tailing the data incorporated 
in this report. Such a course was considered to be most 
conducive ,to observing as many of the characteristics of 
Stresscoat as possible. The Stresscoat was applied in a 
special spray booth in the basement of the Institute and 
the drying took place in the De Forest Memorial Stress Lab- 
oratory, The pressure runs were also made in the Stress 
Laboratory, but the tensile runs were made in the katerial 
Testing Laboratory of the Institute, 

Anticipation of atmosoheric conditions, which would 
exist twelve to twenty-four hours after the application of 
the coat, v/as required in choosing the proper grade of 
lacquer. The grade chosen should fail at a practical value 
of strain, but should not be so sensitive as to craze during 
the drying period. The choice was made with the aid of a 
chart provided by the manufacturer. Difficulty was encoun- 
tered in obtainin’? sufficient sensitivity for the tensile 
runs without the occurrence of crazing due to the large and 
rapid fluctuation of the temperature in the Institute during 
the night. This problem was defeated by covering the speci- 
men and calibration bars with a large cardboard enclosure 
during the drying period, A lighted electric bulb inside 
this enclosure served to keen the coatings at a sufficiently 
high temperature to prevent crazing. Several times it v/as 
necessary to artificially cool the coatings In order to ob- 
tain cracking at a practical value of strain. The specimen 
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and the calibration bars were maintained at the same con- 
stant temoerature during each test. 

Although an attempt was made to load the specimen in 
as short a time as possible, the time of loadinf? varied from 
thirty seconds to three minutes. The creep of the coating 
during a finite loading time was an additional Important 
variable. As the time of loading increases the sensitivity 
of the coat decreases. If the time of loading is long 
enough, formation of the crack pattern may never occur. 

This creep phenomenon must be considered if the correct 
interpretation of the test results is to be obtained. This 
is accomollshed either by loading the calibration bars 
gradually in the same period of time as the soecimen was 
loaded or by loading the calibration bars in one second and 
then applying a creep correction factor. This correction 
is made by utilizing the creeo correction charts furnished 
by the manufacturer. Six calibration bars v/ere used for 
each run and three were loaded in each of the ways described 
above. 

The pressure runs were made with the soecimen freely 
supported by the ends in a wooden cradle. The hydraulic 
pump, used to supply the water pressure Internally to the 
specirrsn, v;as of the jack type. It was equioped with a 
oressure p-auge which allowed a rough estimate of the intern- 
al pressure, and also permitted us to control the rate of 
load aoolication. The tensile or axial loading runs were 
made by pulling the soecimen in a conventional tensile 
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testing machine. The pressure i^auge and the beam balance 
readings were not essential to the data as the strain gauges 
provided the actual strains on the surface of the soecimen. 
It was necessary to correct for lateral sensitivity of the 
SR-4 strain gauges, 

A total of twenty-seven runs were made on the test 
specimen, but the data of runs seventeen through twenty- 
seven was considered to be that which represented the best 
technique, and consequently only these eleven runs were 
used. 

It was considered of interest to investigate the effect 
of the presence of severe crazing on the behavior of the 
Stresscoat, An experiment was attempted using six cali- 
bration bars, three of which were artificially crazed by 
exposure to a low temperature for a short period of time, 
while the other three were maintained with a clear coat. 

The bending test was applied to these bars after all six 
of them had returned to the, same temoerature and had re- 
mained at that temperature for about one-half of an hour. 
Time loading of these bars was used because the progress of 
the cracks could be followed on the crazed bars with more 
ease and accuracy than would be the case if a one second 
load were applied. 

After each tensile crack pattern had been formed on 
the specimen, and an interval of time exceeding tv;ice the 
time during which the load was applied and held had elapsed, 
the specimen v/as subjected to a pressure run. The results 
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of these runs Indicated the desirability of further investi- 
gation of the nature of cracking of Stresecoat in a direction 
perpendicular to cracks already produced on the soeclmen by 
a previous test. Therefore, a fifteen inch square of cell- 
uloid one-eighth of an inch thick v/as coated with Stresscoat, 
After drying, this flat plate was secured by one edge in a 
cantilever fashion and the opposite edge was deoressed a 
certain distance in a given length of time. After allowing 
time for the creep recovery of the Stresscoat, the plate 
was turned ninety degrees and the identical experiment was 
repeated. The nature of the total crack pattern was then 
observed. 

An Investigation of the conformance of the calibration 
bar to beam theory and Poisson's ratio effect was made by 
checking the lateral strain at various points along the bar 
with SR-4 strain gauges. 

The strain gauge readings and axial load or internal 
pressure at the appearance of the first crack in the coating 
on the specimen were recorded. The strain corresponding to 
the last crack on the calibration bars was taken as the cal- 
ibrating strain, A flash light focused perpendicular to the 
anticipated direction of the cracks was a necessary aid in 
catching the first crack. The actual strains were compared 
with those indicated by the calibration bar. The deviations 
of the calibration bar strain from actual strain for the 
nresBure and tensile runs were compared. B’or the tests in- 
volving: the calibration bars alone the results occurring 
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under different types of treatment v.-ere compared. All com- 
parieonfi were straiic^ht forward and involved no complicated 
computations. 

For a detallod description of the equipment used see 
Appendix A, 



14 



% 



^ «Mit» • » » • • V 

’**’?*£ :i!* -'2f^2f,'* 

■ ■» Jr^”* 




F • 






• ^ 4 . # 



;x: 



» -n-lif,. ■■/. ““J» 




• «» 



V 




*1 












'A' 











► 




r 




•• 



^ 4 |P> «t« ' • 





i 








i«iM» ^ >«lbii tJim 




m$ «••» tMi 







K 

\ 




» <#* % 





I 



Tabl® T 



Internal Pressure Apolie'1 lo “ylindrlcal ^seclieen 
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table II 

‘tvlal "ensile L3a“3 .Apolled to '"yllndrlcai rM^eclrsen 
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Table III 

Axial "ensile Loft3 Applied to Cylindrical Specimen 
( StresBcoat on Gpeclasen was Crazed ) 
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Tabla IV 



Internal Pressure Apolled To Cylindrical Specinien 
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Table V 



Internal Presouire Aonlied To Cylindrical bpeclmen 
ftftor Crack Pattern Had Been Forced By Tensile Load, 
( Strssscoat ’^n Soecinien ftae Crazed ) 
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Table VI 



Tnvestlcration Of Crazing And Its Effect On The 
Sensitivity Of Stresocoat As Applied To The 
Calibration Bars, 
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Sensitivity 
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1 
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Table VII 



Sumuary of Biaxial 5tr©86 Conditions 
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“Eax 


^mln/^iuax 

e/E 


^aln/^max 




<’0g 


Run 


-1.0 


3.39 


-1.0 
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- 1.9 


Torsion 


-0,295 
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0.0 
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-15.9 
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Froa Oleen’e (11) data. 
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(1) *hen peroendicular strains aro In the ratio of 4 to 1, 
about \0% lass strain is required to produce a crack 
pattern on the specimen than was indicated by the cal- 
ibration bars. (See ?^ble I) 

(2) 'hen peroendicular strains are in the ratio of 3.4 to 
-1, about l6'% more strain was required to produce a 
crack pattern on the soecimen than v?aa indicated by 
the calibration bars. (See Tpble II) 

(3) Ihe presence of crazinp in the Strosacoat prior to strain- 
in;^ the coat to failure has a definite effect other than 
that of making the crack pattern difficult to observe, 

a. Tests Tfith several calibration bare Indicate that 
the orepence of crazing decreases the sensitivity 
of the coat about 25^. (See Table VI) 

b. Actual experiments with the epaclmen indicate that 
crazinK does decrease the sensitivity, however, too 
few experiments have been conducted to give an ap- 
proximate percentage decrease in sensitivity, 

(See Table III and Table V) 

(4) The presence of strain cracks in one direction prior to 
straining the coat to failure in a perpendicular direction 
has a definite effect on the sensitivity of the Stresscoat, 

a, <ihen perpendicular strains are in a ratio of 4 to 1 
and straining to failure has been previously obtained 
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(4a) cont*, 

in the minor direction, iv has been round that 
about 10' more strain is I’eiulred to >roiuce a 
crack pattern on the soeci*ien than was Indicated 
by the calibration bars, (See Table TV) 
b, Kxperlisents, cotxlucted with a 15 inch square piece 
of celluloid loaded as a cantilever beat, to a 
certain deflection in one direction and tlien to 
the sa®e deflection In the same leneth of tl»e in 
a direction perpendicular to the first test, in- 
dicated that a crack pattern in one direction nad 
little if any effect on the formation of a crack 
pattern at rifbt ancles to the original pattern. 

Of four tests made in this canner every one in- 
dicated identical sonsltlvlty in eitner direction. 
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DISCUSSION OF RESULTS 



General 

Conclusions concerning the overall trends of the be- 
havior of Stresscoat are the only ones which can be drawn 
from the results which have been presented. The lack of 
facilities for controlling atmospheric conditions rendered 
it impossible to obtain even two identical runs. The tem- 
perature, humidity and grade of Stresscoat used were con- 
tinuously varying throughout all runs. Therefore, it was 
impossible to compare the results of runs except for dis- 
cerning a general picture. Results of specific comparison 
value can be obtained only by varying a simple condition 
influencing the behavior of Stresscoat while other influ- 
encing agents are maintained constant. Desirable results 
may be obtained either by making all tests in a room where 
the temperature and humidity are controlled or by running 
such a large number of tests that the required number of 
identical runs occur by coincidence. Lack of facilities 
prevented using the former method and lack of time prevented 
uslnF the latter. 

Although Stresscoat used in the field by an experi- 
enced operator may in some cases give accuracy within the 
limits required by engineering practice, the desirability 
of spending much time on Investifl-atlon of its behavior 
relative to the various elastic ‘heories is questionable 
unless more adequate facilities for experimentation are made 
available. 
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The lack of temperature control also caused difficulty 
in maintaining equality of temperature between the specimen 
and the calibration bars, If the room temperature changed 
durine the test. The difference in mass made the bars change 
in temoerature much more quickly than the soecimen did. 

This situation required artificial heating and cooling and 
often delayed runs annoyingly. The coatings, esoecially 
the more sensitive ones, were very susceptible to even small 
changes in temperature. A drop of two degrees in temoerature 
may change the strain indicated by the lacquer of the order 
of one hundred micro inches. 

No attempt was made to correlate stress with strain 
for any one run. The length of the specimen tended to re- 
duce any deviation from pure axial loading during the tensile 
runs, but the slight disagreement between diametrically 
opooeite strain gauges indicated some angularity of loading 
or local discontinuity of wall thickness. A slight dis- 
creoancy in strain gauge readings was also present during 
pressure runs. This disagreement was probably due to the 
bending of the specimen in the cradle, as the cracks in the 
coating appeared first on the bottom of tne soecimen, where 
the wall was subjected to tensile bending stress in addition 
to the stress from internal pressure. These conditions and 
some variance in the position of the specimen during the 
successive tests account for the occurrence of different 
strains in one direction when the strains in the perpendicular 
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direction were equal. Consequently, strains, computed from 
the loading and soeclmen dimensions, erred from actual strains 
observed in the specimen by as much as ten percent. The 
mairnitude of strain v^as obtained independently by the strain 
gauges. The values of axial load and internal pressure v/ere 
used merely as an aid in applying the load uniformly, 

Two-Dimensional Strain 

The results obtained, combined with information deter- 
mined by Olsen (11), give a roufrh overall oicture of how the 
magnitude of the deviation of the calibration bar strain from 
the actual strain varies as the ratio of the tv/o-dimenslonal 
strain varies from positive to negative unity. The internal 
pressure tests of this report ^mln/^max “ Olsen 

(11) hollow sphere test Eujin/^max ~ 1**^ indicated that as 
the ratio of Increases in a positive direction the 

amount of strain necessary to cause failure in the coating 
on the specimen becomes progressively leas than that indicated 
by the calibration bars. Olsen's (11) pure torsion test 
^•min/^max ” indic<ates that as tho ratio of Ejj-in/^max 

approaches negative unity the strain necessary to cause 
failure In the coating on the specimen becomes progressively 
greater than the strain indicated by tho calibration bar, 

A positive theoretical explanation for the behavior of 
Strescoat described above was not attained. However, a 
possible explanation has been developed, but it depends on 
the following two assumptions for validity; 
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(1) The stress In tno coatin" Ic due to the strain 
In the base material and has no direct connection with 
the load on the soecimon, 

(2) Stresrcoat fails in tension according to the 
Maximum Stress Theory. 

When ’^raln/‘-max positive th" Poisson effect of Smin 
tends to shorten the coating in the direction. Each 

point in the coating is restrained by the surroundlncr lacquer 
so a tensile stress is induced in the Sj^ax direction. There- 
fore, loss direct tension Is required to produce failure than 
if the tension induced due to Sjnin exist and the coat- 

ing falls at a strain lower than that indicated by the cali- 
bration bar. V«hon Sjj,j.n/^ax negative the Poisson effect 
of* ’^min tends to lengthen the coating in the Ejj,a,x direction 
and a compression stress is Induced In the lacquer in the 
Smax direction. For failure to occur In the coat, an amount 
of tension sufficient to overcome the induced compression is 
necessary in addition to the normal direct tension required 
for coat failure if the induced compression were not present. 
Consequently, the coat falls at a higher value of strain 
than indicated by the calibration bar. Both Olsen (11) and 
Purelli (l4) experienced difficulty in producing failure in 
the coating, due to Poisson’s effect only, in a direction 
perpendicular to a compression load. Such behavior of the 
lacquer conforms to the above theory, 

Calibration 

According to tvheory an element on the surface of a 
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opeclmen loaded with axial tension only ani an element on 
the top of a loaded cantilever beam are both subjected to 
the same pattern of two-dimonsional strain. In the tension 
runs the ratio ^mln/^ax equal to Poisson's ratio as ex- 
pected; therefore, the dlsaiJ-roement between the actua.1 strain 
causing failure and the strain indicated by the calibration 
bar was puzsliii'-. The actual strain required to cause fail- 
ure of tho coatinp: on the sooclmen was opout 15 p;reater 
than that indicated by the calibration bar, 

A checlc was made to insure that tne calibration bar 
conformed to beam theory and Poisson's effect, and the re- 
sults were positive. Further thought has made apparent a 
possible explanation for the disagreement described above, 

Tho thickness of the coat on the calibration bar is an ap- 
preciable fraction of tho distance from the new'tral axis to 
the outer surface of the bar. Consequently, the strain at 
the outer surface of the coating is greater than the actual 
strain on the bar surface underneath. Since tho calibration 
frame is graduated in strain on the bar surface and the cracks 
initiate on the outer surface of the coat, the strain initi- 
ating the cracks is greater than that indicated by the cali- 
bration bar, /.hen a specimen is under axial load the strain 
throughout the coating is the same as that on the surface of 
the specimen. The assumption that the strain in the outer 
surface of the bar coating and the strain in the tensile 
specimen were approximately the same accounts for the dis- 
crepancies observed. In contrast to the case of the cali- 
bration bar, during tensile runs the cracks were observed 
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to originate on the surf'^ca of the base £r:aterial and uhen 
opread outward through the coat, 

Olsan’o tensile Investigation strenjrtaens the theory 
presented above. The deviations he obtained con.jare favor- 
ably In magnitude and slprn with those observed In this ex- 
perlraent, Ke commented on the Inaccuracy of calibration 
but did not attach any significance to the fact that in each 
of hio runs the calibration bar Indicated strains less than 
those actually present. 

The experience of Olsen and the authors suFSest that 
there Is an Inherent error in strains indicated by tne cal- 
lbrn*lon bar except where the soecimen is loaded in a con- 
dition of bendlnp" similar to that in the bar. This error is 
Indeoendent of that due to a particular cor^ltlon of two- 
dimensional strain in the soeclmen. 

Curves 

In fi^Turoe 1 and 2 the errors in strain and stress 

encountered when uslnr the calibration bar are clotted as 

functions of ^^in/^ax Turinp the tensile 

~ 6/ a 

run the two-dimensional strain sys eme are tiie same in the 
specimen and the bar and the only error is the Inherent 
error due to coat thickness which is always present waen 
uslnr the calibration bar, As far as stresc irs concerned 
thlp error, occurring alone for the condition of uniaxial, 
stress, is the maximum error ever present, Evidently the er- 
ror brought in due to the diffei’ence in the two-dir.enslonal 
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strain system In the specimen and the bar and the Inherent 

error tend to be comoensatlnf? and reduce the total error 

In stress determination. When strain is the Important 

consideration it la noted that the maximum error occurs at 

the extremities of the possible E^iin/^ax strain 

-s7E“ — 

determinations the point where one error completely com- 
pensates for the other error occurs where Sjv5j^^/5jji3.x has a 
value of about ,25» The seriousness of these errors depends 
on the experimental error probable for the conditions of 
the tost and the accuracy required. 

Effect of Exls t lnp* Cracks on Failure in Another Direction 
When pressure runs v/ere made after a tensile crack 
pattern had been previously obtained the calibration bar in- 
dicated less strain than that actually required to cause 
failure on the specimen. This occurrence, which is just op- 
posite to that observed for initial pressure runs, was not 
satisfactorily understood. The circumferential closely 
spaced cracks already present eliminate the axial restraint 
normally present in an Intact coating. This condition com- 
bined v/ith the possibility of a creep effect (the technique 
claimed to eliminate creep by the manufacturer was always 
used) are the only apparent factors which may contribute to 
the peculiar behavior of the coating, 

attempt to gain further insight Into this problem 
was made by experimenting with the flat celluloid plate. 

The results, indicating that cracks in one direction do not 
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Influence crackinp in the other neroend Icular direction, 
did not Increase the understanding of the situation. How- 
ever, cracks on the edgres of the crack patterns on the 
plate v/ere farther apart, shorter and less well developed 
than the cracks which extended over the whole specimen, 

Crazlnp: 

The runs made specifically to investigate the effect 
of crazing and those pressure and tensile runs where un- 
intentional crazing occurred prior to the run, both indi- 
cated that the presence of crazing substantially decreases 
the sensitivity of the coating as well as making the initial 
cracks difficult to see, (As the sensitivity of the coating 
increases it fails at a lower value of strain). The error 
induced probably varies directly with the intensity of craz- 
ing. The more sensitive coats were more susceptible to 
crazing. The occurrence of crazing depended on the minimum 
temperature experienced prior to testing and also the rate 
of fall of the temperature. Even small changes in tem- 
perature caused crazing if the change was swift enough. 
Decreases In temperature caused stresses in the coating due 
to different thermal coefficients of expansion in the Stress- 
coat and the material underneath, which are finally relieved 
by crazing of the coating. After crazing has occurred much 
of the restraint in the coating at a local point due to the 
presence of the surrounding coating has'baen eliminated, 

V/hen crazing occurred on bars which alrea’y contained a crack 
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pattern intense crazinpr occurred only on the uncracked 
portion and extended only from crack to crack. It is of 
interest to note that crazinpr decreased the sensitivity of 
a coat about while the strain which produced failure in 
the pressure runs follov/lnp a tensile run was 25, ^ greater 
than the strain producing failure in an initial pressure 
run. Temperature change craze should not be confused with 
dryin.p craze which usually doos not present a oroblera. 

Accuracy 

The effect of creep is pronounced and should not be 
underestimated, A slight deviation was present between re- 
sults obtained by loading the calibration bar in the same 
time as the specimen, and by using the creep correction 
chart supplied by the manufacturer and loa’ing the bar in 
one second. However, this deviation v/as inconsistent in 
sign and probably was due to normal experimental error. 

Most of the published material concerning the use of 
Streoscoat, except the manufacturer’s detailed instructions, 
underestimate the difficulties whicn will be encountered in 
using Stresscoat v/hen atmospheric conditions are not control- 
lable, 

A consideration of the accuracy with which a calibra- 
tion bar may be read indicates that the maximum error likely 
is less than 10 %, Olsen (11) found the same accuracy pos- 
sible in readin'T- calibration bars. 
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Future Work 



It Is desirable that the beaavlor of Stresscoat be 
inveeticated for other conditions of biaxial stress in 
addition to those covered by this reoort* Tnla additional 
Information would confirm or disorove the shape of the curves 
of Figures 1 and 2» An attemot to obtain failure of the 
coat at other ratios of ^niln/^max made but the uniform 
application of internal pressure and axial load sirault.ane- 
ounly, which is required due to the creep cnaracteristlca 
of the coatlntr, was Impossible v/ith the exoerlmental set-up 
and the oersonnel available. The production of apparatus 
to accomolish this should not be difficult. The use of a 
small soocimen Is recommended. 

The Poisson’s ratio and the modulus of elasticity of 
Stresscoat Itself are Important characteristics, the de- 
termination of which will allow further insimnt into the 
behavior of Stresscoat, With controlled atmocoheric condi- 
tions it will be oosslble to limit a series of runs to one 
grade of Stresscoat, If the Poisson’s ratio and the modu- 
lus of elasticity for a particular grade of Stresscoat are 
known, together with the principal strains existing at 
failure over the possible ranre of biaxial stress conditions, 
the actual stress in the coating at failure can be determined. 
The values of such stresses can be employed to ascertain 
the theory of failure v/hlch Stresscoat follows. 
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Summation 



The dlscuselons presented have been based on averages 
of several runs. Although the spread of results for each 
series of similar runs was quite wide, all the results for 
oach eeriee of runs were of the same sign. After consid- 
ering the unfavora''ie conditions under which the Investiga- 
tions were made it Is felt that the consistency of the 
results obtained, and the favorable comoarison »vlth Olsen’s 
(11) work, have allowed the authorvS to oresent a reasonably 
accurate overall olcture. 
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GONCLLSIONS 



1, If results of theoretical value are to be obtained 
from experimenting with Stresscoat the exoeriments 
must be conducted in a controlled atmosphere, 

2, The presence of biaxial stresses in a specimen under 
Investicration and the consequent difference betv/een 
the two-dimensional strain systems in the specimen and 
the calibration bar cause the strain indicated by the 
calibration bar to err from that strain causin?^ failure 
in the Stresscoat on the specimen. The maraitude and 
direction of this deviation varies, as the ratio of min- 
imum to maximum strain in the specimen changes from the 
corresponding ratio in the calibration bar, 

3, When the specimen under investigation is loaded in a 
different manner than the calibration bar the strain 
indicated by the calibration bar is in error, 

4, For stress determinations the two errors above are 
compensating and the total error is a maximum when the 
inherent calibration bar error is the only one present, 

5, For strain determinations the maximum positive and 

negative errors occur at the extremities of the Eniin/^max 

e/E 

and ranges. Somewhere within the extremities 

there is a point of no error, 

6, Crazing affects the sensitivity of Stresscoat. The 
presence of previously obtained crack pattern affects 
the sensitivity of the coating to cracking in another 
direction. 
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RF.GOft!«ENDATTONb 

1* If further Investigation In the field of strain in- 
dicating brittle lacquer Is undertaken, facilities 
for experimenting under controlled atmospheric con- 
ditions should be supplied, 

2, l^rther investigation of the behavior of Streoscoat 
when subjected to biaxial stress should be made un- 
der controlled atanosphorlc conditions and for more 
ratios of Sfjiin/%iax» 

3, The Poisson's ratio and modulus of elasticity and 
then the theory of failure of Stresscoat should be 
determined, 

4, An Investigation of the causes and affects of crazing 
on the behavior of Stresscoat should be made. 
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i)Q8orl3tlon of Ar?paratuB 
fpeclmen 

The body of the cp©cle*n wae a drawn seoirleae tuoe. 
The outside dlsaeter wrb inches and th® wall thicknesa 
wao ,lAo Inches. The aaterl&l conforfH«d with .%avy Uoecl- 
n cation i-44-T-13, at. no, 1077, 44-7-5^50-10, Zhe 
composition wa® ,25 carbon, .70,z l-angan*se, .04,: vnoa- 
phorous, and ,04f vulphur. "hs yield oolnt was 35,000 
pel and the ultiaat® strenrtn was 60,000 pel, vne l<*.npth 
of the body was 30 Inohea, 

Tii® ends were ssachined fro® rou(f.h steel forginfe. 

The Inner extresiltica of tns ends were machined to lit 
snue^ly into the tuba for a distance of two Incnes, '*nc 
outer extremities were turned down to two inches in dia- 
»«ter aM then drilled and ta.op'^’d with a 1| Inca, 7 
threads per inch tap. The end pieces were sei.ured to the 
body by both fillet and plup. welds, 

'•-ach end of the soeclaien was fitted kith a 6,000 
TSl valve, Cne end w » connected to the pum> UirousJh a 
portable section of hl^h pressure copper tubin*? by neans 
of two heavy duty unions, 

-'train V a upee end Zjtrain Indicator 

The rJH-4 strain gauges were bonded seslstanoe «'ir« 
type strain *?auges manuf s-^-tura-d :y fcae Mjllwln .outnvork 
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division, Baldwin Loconiotive forks. The eoeclflc type 
paure used was an A-3, 13/16 inch caufe length, 120 on?n, 
and with a raure factor of 2,03. The strain readiniPs 
were obtained by the use of an SR-4 strain Oaug’S Indicator, 
also manufactured by Baldwin, 

Teatlnr Machine 

■^he tensile load inf tnachine that was used was a 
dlehle Tensile Testing Machine, Ko, 214, having a maxi- 
curs load capacity of 100,000 lbs. It was located in the 
Material Test Laboratory, feassachusetto Institute of 
Technology , 

Hydraulic Pump 

The pump used was a 10,000 lb, capacity hydraulic 
pump, a tyce Eometimee used as a jack. 
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A^PKNDIX D 



sah^^'lE calculations 

Correction for Lateral Sensitivity of SR-A Strain Gua^e 

The correctlom for lateral sensitivity were made as out- 
lined In reference (15)* SR-A strain guages are calibrated 
for uniaxial stress along the axis, on steel having a Poisson’s 
ratio, V, of .285* In any case Involving two guages at right 
angles, if the conditions of strain under which the guages 
were calibrated are given. It Is possible to find the true 
strains by the two simultaneous equations; 

t m«k>« — ~Vo K ^^diy>A){ *" 

E v»u»\ - ( I ~ Vo ~~ 

(l-K*) 

v.hero symbols have meanings shown by Table of Symbols. 

Typical Pressure Run (No, 17) t = 225 seconds. 

Cc^ - (a^o f =^25* ec -(^so f 2^o)lz := shs* 

E'/e. = = ^%T 
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or Oallbrntlon bar leaded In 225 aecoMa. 
E -C^2o+cT204- Q6o ^/ 3 * <^00 

E-Ec =^00-835- <S5 

*1oD * Ocjoy^^yCSSs} «. 



For calibration bar losdad In 1 aacond and oreeo correetad, 
E'-Ciooo -+<^feo -V \ooo)/a» = cf8T 

Ty pical fenella Run U^o• 23) t* 70 aeconda 

€<l- (^»5^+4^®V2.*-436 <?c . (-210 -\dS)fz - - 

E.X > [i - C^esK- o^0][458 - (. ozi Y- igslil ^ ^ 

G- Cowr] 

E, . [i-C^B5X.o^.->1[-ws - C c>iOC<i8j] , 

[i-Coz.r] 

E«,/i£». ■ e«.n . -.'b'ZS 



For calibration bar loaded in 70 second e, 
E «450 e- Ek. •= dS'O- » -131 

O CvooX- 1^1 4*1o 
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6 Dec 1947 
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50 . 5 ® F 




50 ° F 


Dry Bulb 
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66® F 


fStresecoat Ueed 




#1204 




#1204 


/Streeecoat Called For 




#1202 




#1201 


Time of Loadlnpr specimen 






225 sec 


Cpecleen Temp, at time 


of 


coat failure: 


70 . 5 ® 


F 


Internal Axial 




Strain Oa^e 


(b 5 cro 


Inchoe) 


Pressure Load 

Dsl if^a^e Lbs, . 


1 


2 




3 4 


0 0 


420 


250 




650 180 





j 8 ref 


4 


#5 


47 


2100 0 


650 




1100 


1070 


1020 




#8 




14 


B 


#7 


0 0 


455 




250 


840 
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#8 




#4 


?5 


t7 


Calibration Bar Ko, 




1 


2 3 


4 


5 


6 


Strain, lilcro Inches 




780 


750 920 


920 


780 


660 


Time of Loading 3ar, 


Decs, 


1 


1 225 


225 


1 


225 


Bar Temperature, degrees F 


70.5 


70.5 70.5 


70.5 


70.5 


70.5 
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Test 


Date 




6 l-ec 1947 






7 I3ec 1947 


TIm 




1100 






1000 


tet Bulb 




50® F 






52° S' 


Dry Bulb 




66^ F 






70.5° F 


#Stresscoat Used 




4^1204 






^1204 


/Stresscoat Called 


For 


*1201 








rime of Loading ^^neclaen 








120 sec 


Specimen Teep, at 


time of coat failure; 


69° 


F 




Internal Axial 




Strain Care 


(qiicro inches) 


Pressure Load 

psl rare Lbs, 


1 


2 




3 


4 


0 0 


505 


415 




1185 


340 




i8 ref 


A 






.7 


1925 0 
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1210 




1370 


1120 




f8 


#4 






#7 


Calibration Dar Ko 


• 


1 2 


3 


4 


5 6 



strain, Julcro Inches 
Tloo of Loading, Bar, Secs. 
Bar Temperature, decrees F 



680 


950 


700 


905 


1010 


800 


1 


120 


1 


120 


120 


1 


69 


69 


69 


69 


69 


69 



':etaarks ; 

It was necessary to cool bare and specicsn to obtain 
sensitivity of practical value* A oarked variation of sen- 
sitivity with a email temperature chanre in bars was noted. 
One bar spontaneously erased at 64^ f. This bar when bent 
fave an obviously Inconel stent stiraln reading of 12CX) micro 
Inches/Inch, 
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t 



T««t /19 




toDll cation 






lest 




Oato 




8 Dec 1947 




9 


•)ec 1947 


flm« 




1300 






900 




%«t f*ulb 




540 g 






540 


r 


Dry Bulb 




74 ® F 






73.5® » 


#Stres8coat Used 




,1206 






,1206 


#Str«B8co&t Callod For 


; 1204 










TlffiB of Loading? £;pecimen 








40 esc. 


i>p«cl«®n ?o®p* at ti®e of 


coat failure j 


73.5® 


r 






Internal Axial 




Strain Gage 


{micro 


inches) 




Pressure Load 














psl (FfiftQ Lba, 


1 


2 




3 




4 


0 0 


390 


310 




920 




280 




#8 ref 4 




.•■5 




^7 


1200 0 


530 


785 




«• 




700 




m 


/4 




- 




,7 


Calibration Bar So, 




1 2 


3 


4 


5 


6 


Strain, Micro Inoirie® 




550 450 


440 


490 


490 


440 


Tisje of Loading? Bar, 


Secs, 


1 1 


1 


>♦0 


40 


1 


Bar Te®peratur«, degrees F 


74.5 73.75 


73.5 ■ 


73.75 73.75 


73.5 



* 1*1 




Teat r'50 

Date 

Tiao 

)<et 3ulb 
Dry Bulb 
f^treescoat Used 



Agplloatlon 
9 Dec 1947 
1300 

540 F 

74® p 
1205 



7eet 

10 Dec I 9 A 7 

1300 

530 jj. 

71.5® i* 

1205 



fStreascoat Called For #1203 



Tl!ce of Loeuilnsfr Dpeclaen 50 aec. 

Dpeclraen tesio, at tl®e of coat failure; 71.5® F 



Internal Axial 


Strain OaF© 


(micro Incnee) 






Pressure Load 

ooi rap*© Lbe, 


1 




2 




3 




4 




0 0 


250 




1190 




620 




1100 






f'8 ref 




.2 




15 




16 




2050* 0 


475 




1060 




840 




1940 
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^^4 




45 
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Calibration 


















Bar io, 1 

itfaln. 


2 3 


4 


5 


6 


7 


8 
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10 


jf i c ro I nche s 700 


700 860 


900 


670 


780 


730 


810 


790 


905 


fine of Load- 
Jnr ’^ar, fees, 1 


1 1 


50 


1 


50 


1 


50 


1 


50 


3ar ’'©isperature 
decrees F 71,5 


71.5 71.5** 


71.5 


71.5"Vl.5 


71.5 


71.5 


71.5 


71.' 



Re JE ark 8 : 

* This run v&& aiade after the opecimen had been loaded 
in tension to the deslrn strenfth of the apeclaion, but 
no circuaferentlal cracks in ^treeccoat were noted. 

The :;;tresacoat was allowed to recover fox* a tlcse in 
excess of two tlxee the time to load the specimen; 
before the internal pressure was anolled, 

** Bar number 3 was a thicker coat ti^ian the beet specimen 
and Bar number 5 was an exceed Infly thin coat. 
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Teot #21 




ApDllcntion 




feet 


Date 




10 Dec 19^7 


11 Dec 1947 


Tlnee 




1600 




1300 


Ket Bulb 




53® F 




52® F 


Dry Bulb 




71.5® F 




70.75® F 


#Str®8Bcoat Uaed 




if 1205 


W 


1205 


IbtregBCoat Called For 


.1202 






Tl®e of Londinp ^•peolaen 




60 esc 


leap, of soeclaen at 


of coat failures 


70.75® 


> F 


Internal Axial 




strain fajze {slcro inches) 


PrewBure Lo*d 

DSl rare Lbo, 
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0 0 
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80 
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ref ^4 


#5 


>7 


2175* 0 


4A0 


1090 
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.8 


*.4 




.7 


Calibrelion Bar Ko, 


1 


2 3-A 3-3 


4 -A 


4-3 5 


Strain, klcro Inches 


900 


900 960 810 


1010 


soo eoo 


Tins of Loadlhf Sar, 
Se ce , 

Bar tejKperature, 


1 


1 60 1 


60 


1 1 


degrees F 70.75 70,75 71.5 71.5 


71.5 


71.5 71.5 



BeicarkRt 

*■ *^hls run vfas fisade after the speclsen haul been lo»4ed 
in tension to the tleclrn strength of e.oeclaen but 
no craoke wora notad In tho StresBcoat, Ihe Jtross- 
coat ano allowed to recover for a tiaa© In excees of 
two tises the tise allowed to load the soeclaten* 
before the internal preaaui’e was applied. 
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Test ,22 




spollcatlon 




Dale 




11 :ec 1947 


12 ®c 1947 


rise 




1600 


1300 


»et njlb 




52® F 


33® f 


Dry 3ulb 




70,5® F 


71® V 


i Stresocoat 


Used 


11206 


n206 


/dtresecoat 


Called For 


» 1202 




Time of Loading opeclaen 




(a) 45 sec (B) 75 see 



Te«p of Specimen at 

Internal Axial 

Pressure Load 

5el„.ffago Lbe, .. 


time of 


coat failure: 71,5® 

L- train 7ace (.nslcro inc/ise) 


0 


0 


1 

260 


2 

230 


3 

640 


130 






#8 rof 


,4 


J5 


.7 


(A)» 1900 


0 


480 


980 


830 


670 






'8 


.^4 


15 


^7 


(B) 1470 


35000 


935 


660 


1270 


570 






48 


|4 


?5 


47 



Calibration Bar Ko, 


3.4 


33 


Strain, Micro Inches 


730 


730 


tlae of Loading Bar, Secs, 


1 


75 


Bar Temperature, degrees F 


71,5 


71.5 



Remarks: 

Lorifltadlnal crack* (very apparent) appeared alth 
Pt - 1900 psl£« and Fj^ r 0 in test. A Ti*.© or loading 45 aec, 
Clrcuafcrential cracks appeared with lo«u1ing s 1470 paig, 
and 1’^ s 53000 lbs. as Indicated. Time of loaHng 75 -iecs* 
lotn the bars and th® e.pecimer- ei*e be ly crated, noeevsr, 
tracks from loadlnc ware readily ‘ ‘parent ors tii© Bpeclsssn, 
but were al'ioat iffioosslblo to see on t.n© ban;, 

* Tble run wan aiad© after tbe specimen bad h «n loaded In 
tension with no cracks ap >earinp; in ^trosscoat, ’ itas allowed 
to recover. 
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Te8t._23 






■VpplloA* lor. 


-Oi« t 


Date 






12 ,ec 1947 


13 -ec 19^;7 


Time 






IpOO 


1000 


'‘»t Bulb 






53® F 


54° F 


Dry Bulb 






71® F 


70° F 


#i>tresacoat Used 




n207 


rl207 


;.^tresQcoat Called 


For 


n202 




Time of Loading .vpecicen 




(A) 70 »ec (,‘i) 25 


Temp of ■ 


ipecl»en at 


tl'pe of 


coat failure; 


?0.5®F (A) » <*) 


Internal 


Axial 




strain .Cage. 1; 


zicro inches) 


* reasure 
pel rare 


Load 

Lbs, 


1 


2 


3 4 


0 


0 


315/^8 


ref 1260A3 


680/. 5 1150/^6 


(A) 0 


36,580 


970/<^8 


1050/^3 


1300/, 5 970/j6 


0 


0 


320/8 


270/ ,‘4 


680/* 5 l40/«^7 


(3) 1475 


0 


465/ 8 


860/^4 


650A5 745/7 



Calibration 
Bar Ho. 


lA 


IB 


2k 


3A 


4 a 


48 


5 


6 


Ctrain, 
l?icro Inches 


870 


580 


450 


450 


700 


560 


520 


500 


?ln,e of Loading 
Bar. Secs. 


1 


1 


70 


1 


70 


1 


25 


25 


Bar ■ SKperature, 
degrees F 


74.5 


70.5 70,5 


70,5 


70,5 


70.5 


70,5 


70.: 



Posarke: 

"oeclfflsn an'J bars were hasted to aooroxlioateiy 60® P during 
the drying oeriod and then allowed to aseume roo» teiaperaturo 
prior to the test. 

Teat (3) was aiade after the crack pattern ol part {A) nad 
been obtained, sufficient time for creep recovery of tae coat 
was allowed Ije tween tests. 
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Tost /»24 




Aonllcation 




Date 




15 Dec 19A7 


16 :->c 1947 


Tlino 




1200 


ICOO 


Set Bulb 




5A®i 


5S°F 


Pry Bulb 




73° F 


76® F 


j^Stresscoat Used 




•1206 


•1208 


#5tresscoat Called For 


rfl203 




Time of Loading CpeclKen 


( a) 


65 sec (B) 25 


Temp, of s-'ociiten 


at time 


coat failed: 76®F 




Internal Axial 




Strain nacre (micro 


inches) 


Pi’esaure Loa?! 

DOl F^F* Lbs, 


1 


2 3 


4 


0 0 


375/ B 


1330/^3 725A5 


1200/ j^6 


(A) 0 36,000 


10A5/i«f8 


1155A3 1360/^5 


1050/ /6 


0 0 


380/5*8 


360/#4 7A0/I5 


230/#7 


(B) 1625 0 


5A0/.^8 


970A4 B65/v5 


845/>7 


0 0 


A25/i8 


350//4 720/?5 


195/i^7 


Calibration 
Bar Ko. 


1 2h 


23 3 4 5 


6a* 6a* 


Strain, 

Micro Inches A 90 590 


530 600 540 590 


690 520 


Tl»« of Loadltiff 
Par, Secs, 


1 65 


1 65 1 25 


25 1 


Bar Temperature, 
deprroes F 


76 76 


76 76 76 76 


76 76 



Rercarks s 

6ar .-6 rar, crazel. 

Test (fJ) w«* isftdo after the crack pattern of Part (a) had 
been obtained, Sufficient tir.© for ci’esp recovery of the coat 
was alloxcd hetween tests. 
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Application 


Test 


Date 


16 Dec 19^7 


17 Dec 1947 


Time 


1300 


1-400 


Tet Rulb 


58°F 


56^0 F 


Dry Bulb 


76°F 


75®F 


/Stresscoat Used 


;i208 


;1208 


rime of Loading v^oeciicen 


(A) 


33 sec (B) 28 see 



Tomp. of Specimen at ti:ne of coat failures 76,5'°? 



Internal Axial 


'Strain CaF® (micro 


inches) 


Pressure Load 

Dsl «?ar« Lbs, 


1 


2 


A 

V 


4 


0 0 


385/F8 


1270/ .'3 


705A5 


1175A6 


(A) 0 3^#000 


9^0/ jB 


1095A3 


1285A5 


1010A6 


0 0 


320 /m 


290/v4 


695/^5 


180/^,7 


(B) 1330 0 


470/#8 


810/#4 


850/#5 


695/^7 


Calibration 


No, 


1 2A 


3 4 


54 53 


6 a 63 


strain, 
ioro Inches 


530 580 


0 

0 


530 620 


540 540 


rime of Loading 
liar, Decs, 


1 35 


1 35 


1 28 


1 2S 


Bar fe;:,oersture, 
depireas f 


76,5 76,5 


75 75 


75 75 


75 75 


f?emarkst 


All of the bars were 1 


BllFhtly crazed both 


from drying and 


from low temperature. It 1 


BO happened 


that the 


craze aiarklngs 



were indiscriminate in direction so that strain cracisa could be 
readily oeen. There was no craze on the ooecinr.en. 

Test (B) whs made after the crack pattern of fart (A) had 
been obtained. Sufficient time for creep recovery of the coat 
was allowed between tests. 
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T© at 926 



Teat 



Date 

Tim© 

r.#t 'Ulb 

Pry Bulb 
3tr«SRCoat Used 
Tlrs© of Loadln.«r Upeclssen 



■U>pXlcatlon 
17 ’)«c 19^7 
1600 
56.5®F 
75®F 
a208 



16 Dec 19A7 
1300 
58° f 
74°F 
,1208 

(a) 50 eec (3) 35 sec 



Tomp, of rneclmen at time of coat failures 75. 5® F 



Internal 
Pressure 
Dsl sraye 

0 

(A) 0 
0 

(0) 1600 



Axial 

Load 



1 

0 370A8 

37,000 1050/#8 

0 400/#8 

0 620/^8 



Calibration Bar Ho. 

S'traln, »*lcro Inchee 
Time of Loading Bar, Secs, 



strain Gag© (micro in or;® a) 

2 3 ^ 

1315/ 3 730/ 5 1210/f6 

1130/f3 1^00/?5 1050/f6 

370A-4 770/^5 250/ 7 

1010/#4 940/. 5 890/i«7 

123456 
580 600 600 585 600 640 

1 50 50 35 35 35 



Bar Temperature, degrees F 76.5 75.5 75.5 75.5 75.5 75.5 
Remarks s 

Bars badly crated - &'jecimen had very little crate. 

Test (8) was made after the crack pattern of part (A) 
had been obtained, Bufficlent tlae for cr®e-> recovery of the 
coat was allowed between tests. 



I 

! 

I 



52 






OK «C£ 

o#Cl 

!iOeft 

9m H I9l ««• Q» i0 

irvilM 



n 



lA —if — 




«Cti« f4« 

I m99f 
\9 ,m9r» 



• <r • 



MAAa 




o\mi 




#iSjitAi 


c%>^« 


t^soei 


««\arT 




r^\M 




MVocci 


6 e 


♦ c 


\ 4 


M OQi 


m M 




«C « 


n ^ 


oe 1 


ff.W »-J» J4IT e.«T 


uf^ e.if 



Ma UMIAIM 
fticU 
f 

ir . ^ Vo nri 

•l\MW oe^n • Ui 
HVio»' a e lilf 

•*V3M o tm (•) 

*9^ >m noi*9 mffii0 

J j 

■ >— r — aCfc 

f •9in99^ A! —0 



fvti ^ *—••• %sm9 99 m 

1^4 i^Wl ^ mfirnttm mrm mrnm •— (0) J— r ^ 

•M ^9 \r»ym m «rw <rri m/# sMnimm a— € 



T«Bt ^^27 






A'jollcati on 




feet 


Date 






18 Dec 19^7 


19 Dec 1947 


Time 






1300 




1500 


wet Bulb 






58® F 




57® F 


Dry Bulb 






74®f 




74®F 


ystresscoat Used 




• 1207 




#1207 


Ticie of Loadlnp: Specimen 


(A) 55 see (B) 35 


Temp, of 


' oocimen 


at 


time of coat failure: 74®F 


Intomal 


Axial 




Strain Dane (aloro Incnee) 


Pressure 
obI sra^’e 


Load 

Lba, 




1 2 


3 


4 


0 


0 




365/^8 1320/v3 


735/^5 


1200/-. 6 


(A) 0 


35,200 




1045/, #8 1150/!^3 


1340/#5 


1030 / ‘6 


0 


0 




380/.V8 345/fr4 


745/v5 


225A7 


(A) 1600 


0 




570/4^8 1000/^4 


925 / »S‘5 


660/#7 


Calibration 
Bar No, 


1 


2 3 4 5A 6a 


5B 63 


Strain, 

Inches 


icro 

570 


560 580 570 550 540 


550 490 


Tim© of Loading 
Bar, Ceca, 


1 


55 55 55 


35 35 


1 1 


Bar’ lemnerature, 
dePT"e» F 


74 


74 74 74 


74 74 


74 74 
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Ap'ilication 


I®st 


Date 


19 Dec 1947 


20 neo 1947 


Time 


1600 


1000 


»©t Bulb 


57® 


56 ® i 


Dry Bulb 


7^ Of 


72, 5® f 


tStresocoat Used 


' 1??05 


1205 



Calibration 
Bar Ko. 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


strain, 
fclcro Inches 


660 


620 


630 


780 


620 


850 


700 


630 


620 


600 


Time of Loadlnf^ 
Secs, 


Bar 

50 


30 


30 


30 


30 


30 


30 


1 


1 


1 


Bar Tea 00 nature, 
crees F 


de- 

72.5 


72,5 


72.5 


72,5 


72,5 


72.5 


72,5 


72.5 


72.5 


72.1 



Renarks; 



Itirs ^'4, 06 w©r® ourrjooel.y craaerl by exposure to 

cool air and then were allowed to return to room 
temoe nature. 

The average Gtresscoat thlcknesB on each of the ten 
bare tested was between ,0065” and ,0075”. 
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